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OPERATE A TRANSFORMER IN MULTIPLE
SWITCHING CYCLES, A SWITCHING
CYCLE INCLUDES A CHARGING PERIOD,

A DISCHARGING PERIOD AND AN
ADJUSTING PERIOD 002

POWER THE TRANSFORMER DURING 20

THE CHARGING PERIOD

DISCHARGE THE TRANSFORMERTO | 4
POWER A LOAD DURING THE
DISCHARGING PERIOD

DETERMINE A DURATION OF THE 203
ADJUSTING PERIOD, WHEREIN A RATIO OF
A DURATION OF THE DISCHARGING PERIOD
TO A TOTAL DURATION OF THE CHARGING
PERIOD, THE DISCHARGING PERIOD AND
THE ADJUSTING PERIOD IS CONSTANT

FIG. 9



US 8,379,413 B2

1

CIRCUITS AND METHODS FOR
CONTROLLING POWER CONVERTERS
INCLUDING TRANSFORMERS

RELATED APPLICATION

This application claims foreign priority to Chinese Patent
Application No. 200910265347 .3, titled Circuits and Meth-

ods for Controlling Power Converters Including Transform-
ers, filed on Dec. 25, 2009 with the Chinese Patent and Trade-
mark Office.

BACKGROUND

A flyback converter 1s a switch mode power supply circuit
that can be used 1n applications such as AC-to-DC adapters
and battery chargers. FIG. 1 shows a block diagram of a
conventional flyback converter 100. The flyback converter
100 utilizes a controller 120 to control a transformer. The
transformer includes a primary winding 104 coupled to a DC
source V 55, a secondary winding 106 coupled to a load 112,
and an auxiliary winding 108. The controller 120 controls a
switch 118 coupled 1n series with the primary winding 104.
When the switch 118 1s turned on, a current flows through the
primary winding 104 and energy is stored in a magnetic core
124 of the transformer. When the switch 118 1s turned off, a
diode 110 coupled to the secondary winding 106 1s forward
biased, and thus the energy stored 1n the magnetic core 124 1s
released through the secondary winding 106 to a capacitor
122 and the load 112. An error amplifier 114 compares the
current flowing through a current sense resistor 111 with a
reference current to generate a feedback signal FB. The feed-
back signal FB 1s transferred to the controller 120 through an
optical coupler 116. The controller 120 controls the switch
118 based on the feedback signal FB to adjust the output
power of the transformer. One of the drawbacks of this con-
ventional tlyback converter 100 1s that the size of the flyback
converter 100 1s relatively large.

SUMMARY

A power converter includes a transformer operated 1n mul-
tiple switching cycles. At least one switching cycle includes a
charging period, a discharging period, and an adjusting
period. The transformer has a primary winding coupled to a
power source and a secondary winding coupled to a load.
During the charging period the transformer 1s powered by the
power source and a current tlowing through the primary
winding increases. During the discharging period the trans-
former discharges to power the load and a current flowing
through the secondary winding decreases. A ratio of a dura-
tion of the discharging period to a total duration of the charg-
ing period, the discharging period and the adjusting period 1s
constant.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of embodiments of the claimed
subject matter will become apparent as the following detailed
description proceeds, and upon reference to the drawings,
wherein like numerals depict like parts, and in which:

FIG. 1 shows a block diagram of a conventional flyback
converter.

FIG. 2 shows a block diagram of a power converter, in
accordance with one embodiment of the present invention.

FIG. 3 shows an example of the controller in FIG. 2, in
accordance with one embodiment of the present invention.
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FIG. 4 shows signal wavelorms of signals received or
generated by a power converter, in accordance with one
embodiment of the present invention.

FIG. 5 shows a flowchart of a method for controlling a
transformer, 1n accordance with one embodiment of the
present invention.

DETAILED DESCRIPTION

Retference will now be made 1n detail to the embodiments
of the present invention. While the invention will be described
in conjunction with these embodiments, 1t will be understood
that they are not intended to limit the invention to these
embodiments. On the contrary, the mvention 1s 1ntended to
cover alternatives, modifications and equivalents, which may
be 1included within the spirt and scope of the mvention as
defined by the appended claims.

Furthermore, 1n the following detailed description of the
present mvention, numerous specific details are set forth in
order to provide a thorough understanding of the present
invention. However, it will be recogmized by one of ordinary
skill 1n the art that the present invention may be practiced
without these specific details. In other mnstances, well known
methods, procedures, components, and circuits have not been
described 1n detail as not to unnecessarily obscure aspects of
the present invention.

Embodiments in accordance with the present invention
provide circuits and methods for controlling power converters
that can be used to power various types of loads. The power
converter can include a transformer and a controller for con-
trolling the transformer. The controller can control a switch
coupled 1n series with a primary winding of the transformer.
Advantageously, the on/ofl time of the switch can be con-
trolled 1n a way such that the transformer can provide a
substantially constant current at its secondary winding. The
output power of the power converter can be controlled with-
out requiring some circuit components such as an optical
coupler and an error amplifier shown in the conventional
power converter in FIG. 1. Thus, the si1ze and efficiency of the
power converter can be improved.

FIG. 2 shows a block diagram of a power converter 200, 1n
accordance with one embodiment of the present invention.
FIG. 4 shows signal wavelorms of signals received or gener-
ated by the power converter 200, in accordance with one
embodiment of the present invention. FIG. 2 1s described 1n
combination with FIG. 4.

In the example of FI1G. 2, the power converter 200 includes
a controller 220 to control an operation of a transformer 202.
In one embodiment, the transformer 202 includes a primary
winding 204, a secondary winding 206, and an auxiliary
winding 208. The primary winding 204 has one end coupled
to a DC mput voltage V.-, and the other end coupled to
ground through a switch 218 and a resistor 230. The second-
ary winding 206 1s coupled to a load 212 through a diode 210.
In one embodiment, the auxiliary winding 208 1s at the pri-
mary side of the transformer 202. The auxiliary winding 208
has one end coupled to ground through a resistor 214 and a
resistor 216, and the other end coupled to ground.

The controller 220 can control the transformer 202 by
controlling the switch 218 coupled 1n series with the primary
winding 204. In one embodiment, the controller 220 can be
powered by a voltage V ,, which 1s provided by the auxiliary
winding 208. The resistor 230 can provide a feedback signal
FB1 indicative of a current 1., flowing through the primary
winding 204. The auxiliary winding 208 can provide a feed-
back signal FB2 indicative of an output voltage of the auxil-
1ary winding 208, which can further indicate an output volt-
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age of the secondary winding 206. As such, the feedback
signal FB2 can indicate whether a current I . flowing through
the secondary winding 206 decreases to a predetermined
current level, e.g., zero. In one embodiment, the feedback
signal FB2 can be generated at a node between the resistor

214 and the resistor 216.

The power converter 200 can further include a signal gen-
erator 226 (e.g., an oscillator 226) and a clamp circuit 228.
The clamp circuit 228 1s operable for clamping a voltage of
the feedback signal FB2 when the switch 218 is turned on. In
one embodiment, the controller 220 receives a reference sig-
nal PEAK which can determine a peak current level 1., - of
the current 1., flowing through the primary winding 204, and
receives a reference signal SET having a reference voltage
level V.. In another embodiment, the reference signal
PEAK and the reference signal SET are generated locally by
the controller 220.

In operation, the controller 220 can receive the feedback
signal FB1 and the feedback signal FB2, and generate a pulse
signal, e.g., a pulse width modulation signal PWM1 based on
the feedback signal FB1 and the feedback signal FB2 to
control the switch 218. By controlling the switch 218 1n series
with the primary winding 204, the transformer 202 can oper-
ate 1n multiple switching cycles. In one embodiment, a
switching cycle includes a charging period T 5., a discharg-
ing period T 5,., and an adjusting period T , ,, , as shown 1n the
example of FIG. 4. During the charging period T,,, the
transformer 202 1s powered by the mput voltage V 5 and the
current 1., flowing through the primary winding 204
increases. During the discharging period T,,., the trans-
former 202 discharges to power the load 212 and the current
[ flowing through the secondary winding 206 decreases.

More specifically, during the charging period T,,., the
controller 220 can turn on the switch 218 so that the trans-
former 202 1s powered by the input voltage V... When the
switch 218 1s on, the diode 210 coupled to the secondary
winding 206 1s reverse-biased such that there 1s no current
flowing through the secondary winding 206. The current 1 .,
flows through the primary winding 204, the switch 218, and
the resistor 230 to ground. The current 1., can be increased
linearly. Thus, during the charging period T ,,, energy can be
stored 1n a magnetic core 224 of the transformer 202. The
clamp circuit 228 1s operable for clamping a voltage of the
teedback signal FB2 during the chargmg period T 5., and thus
the voltage of the feedback signal FB2 is substantially zero.

During the discharging period T,,,., the controller 220
turns oif the switch 218 and the transformer 202 1s discharged
to power the load 212. When the switch 218 1s off, the diode
210 coupled to the secondary winding 206 1s forward-biased,
and thus the energy stored in the magnetic core 224 1s released
through the secondary winding 206 to a capacitor 222 and the
load 212. The current I.. flowing through the secondary
winding 206 can be decreased linearly from a peak current
level 1~ ,,,+ t0 a predetermined current level, e.g., zero,
during the discharging period T,,.. The peak current level
Iz 1,45 Of the secondary winding 206 1s determined by the
peak current level I . , .- of the primary winding 204 and a coil
ratio of the transformer 202.

During the adjusting period T, , the switch 218 remains
off. In one embodiment, there 1s no current tlowing through
the primary winding 204 or the secondary winding 206 dur-
ing the adjusting period T , , ..

According to the wavetform of the current I of the sec-
ondary winding 206 as shown 1n FIG. 4, the average output
current I , ;.- provided by the secondary winding 206 during
a switching cycle T can be calculated by:
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(1)

fse—max ¢ Tbis
loave = 5 ( Te ),

where Ts=Tony +Tpis +Tapy.

The duration of the charging period T ,,-and the duration of
the discharging period T, can be determined by the induc-
tance of the primary winding 204, the inductance of the
secondary winding 206, the input voltage V 5 5, and an output
voltage V ,;,~ across the load 212, in one embodiment. The
controller 220 can determine a proper duration of the adjust-
ing period T , 5, such that a ratio of the duration of the dis-
charging period T ,,,. to the duration of the switching cycle T .
1s constant, wherein the duration of the switching cycle T 1s
the total duration of the charging period T ., the discharging
period T 5, and the adjusting period T , . Inequation (1), the
peak current level 1. ,,,+ of the secondary winding 206 1s
determined by the peak current level 1., . of the primary
winding 204 and the coil ratio of the transtormer 202. In one
embodiment, since the peak current level 1, .-of the primary
winding 204 can be a predetermined value and the trans-
former 202 coil ratio 1s constant, the peak current level I,
amax of the secondary winding 206 can be constant. Conse-
quently, according to equation (1), 1f a ratio of the duration of
the discharging period T ;< to the duration of the switching
cycle T 1s constant (e.g., T ~k*T ..., k 1s constant), the aver-
age output current I , ;.- provided by the secondary winding
206 can be substantially constant.

Advantageously, even though the input voltage V ., , and the
output voltage V ,, may vary, the average output current
I, 1 can still be maintained substantially constant 11 a ratio
of the duration of the discharging period T ;< to the duration
of the switching cycle T . 1s constant. In other words, by using
afilter, e.g., a capacitor 222 coupled to the load 212, the power
converter 200 can provide a substantially constant output
current to the load 212. As used herein, “substantially con-
stant” means that the output current may vary but within a
range such that the current ripple caused by non-ideality of
the circuit components can be neglected.

FIG. 3 shows an example of the controller 220 1n FIG. 2, 1n
accordance with one embodiment of the present ivention.
FIG. 3 1s described in combination with FIG. 2 and FIG. 4.
The controller 220 can determine a proper duration of the
adjusting period T ,, ; such that a ratio of the duration of the
dlschargmg period T 5, to the duration of the switching cycle
T 1s constant. Consequently, the power converter 200 can
provide a substantially constant output current to the load
212.

In one embodiment, the controller 220 can include a signal
generator 226 (e.g., an oscillator 226), a comparator 314, a
comparator 316, and a pulse signal generator 318 (e.g., a
PWM signal generator 318). The oscillator 226 1s operable
for generating a signal, e.g., a sawtooth wave signal SAW
based on a feedback signal FB2. The feedback signal FB2
indicates an output voltage of the secondary winding 206. The
comparator 314 1s operable for comparing the sawtooth wave
signal SAW with a reference signal SE'T. The reference signal
SE'T has a reference Voltage level V .. The comparator 316
1s operable for comparing the feedback signal FB1 with a
reference signal PEAK. The feedback signal FB1 can indicate
the current 1 ., tlowing through the primary winding 204. The
reference signal PEAK can determine the peak current level
I~ =01 the current I ., flowing through the primary winding
204. The PWM signal generator 318 coupled to the compara-
tor 314 and the comparator 316 1s operable for generating a
pulse signal, e.g., a pulse width modulation signal PWMI.
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The sawtooth wave signal SAW from the oscillator 226 can be
configured to control a duty cycle of the pulse width modu-
lation signal PWM1. The pulse width modulation signal
PWML1 1s applied to the switch 218 to control a conductance
status of the switch 218 and thus to control power of the
transformer 202.

The controller 220 can further include a control signal
generator 320 to generate a control signal CTRL based on the
teedback signal FB2. The control signal CTRL 1s applied to
the oscillator 226. In one embodiment, if the voltage of the
teedback signal FB2 1s greater than a predetermined thresh-
old TH (e.g., TH>0V), the control signal CTRL 1s logic 1,
otherwise the control signal CTRL 1s logic 0. In the example
of FIG. 3, the oscillator 226 includes current sources 302 and
304, switches 306 and 308, and a capacitor 310. The capacitor
310 generates an output voltage which 1s the sawtooth wave
signal SAW. The capacitor 310 can be charged by a current
from the current source 302 or be discharged by a current
from the current source 304 depending on the conduction
status of the switch 306 and the switch 308.

In operation, 11 the voltage of the capacitor 310 increases to
the reference voltage level V .., the controller 220 can gen-
erate a pulse width modulation signal PWM1 having a first
level to turn on the switch 218 (e.g., pulse width modulation
signal PWMI1 1s logic 1). Thus, the transtormer 202 can
operate in the charging period T ;. The clamp circuit 228 can
force the voltage of the feedback signal FB2 to be substan-
tially zero such that the control signal C1RL has a first level,
¢.g., logic 0, 1n one embodiment. The control signal CTRL
controls the switch 308 in the oscillator 226. Moreover, the
control signal CTRL 1s coupled to the switch 306 through a
NOT gate 312. In the example of FIG. 3, when the control
signal CTRL 1s logic 0, the switch 306 is turned on and the
switch 308 1s turned off. The capacitor 310 1s charged by a
current from the current source 302. Thus, the voltage of
capacitor 310, e.g., the sawtooth wave signal SAW, can
increase irom the reference voltage level V.. Meanwhile,
the current 1., flowing through the primary winding 204
increases. The comparator 316 compares the feedback signal
FB1 with the reference signal PEAK. When the voltage of the
teedback signal FB1 reaches the voltage of the reference
signal PEAK, which indicates that the current I, through the
primary winding 204 increases to the peak current level
I~ .z, the controller 220 can turn oif the switch 218 to ter-
minate the charging period T ., and to mitiate a discharging
period T ,,.. More specifically, the PWM signal generator 318
can generate the pulse width modulation signal PWM1 hav-
ing a second level (e.g., pulse width modulation signal PWM1
1s logic 0) to turn oif the switch 218. Atthe end of the charging
period T 5., the voltage of the capacitor 310, e.g., the saw-
tooth wave signal SAW, can increase to a first level V, as
shown 1n FIG. 4. In other words, the switch 218 1s turned on
when the sawtooth wave signal SAW (the voltage across the
capacitor 310) increases from the reference voltage level
V . until the sawtooth wave signal SAW reaches the first
level V,.

During the discharging period T,,., the switch 218 1s
turned oil and the current I flowing through the secondary
winding 206 decreases from a peak level 1., ..+ The auxil-
1ary winding 208 can generate a substantially constant output
voltage during the discharging period T 5,.. This output volt-
age 1s divided by the resistor 214 and the resistor 216. There-
tore, during the discharging period T ,,., the voltage of the
teedback signal FB2 (e.g., the voltage across the resistor 216)
1s proportional to the output voltage of the auxiliary winding
208, and thus can also be substantially constant. In one
embodiment, the resistance of the resistor 214 and the resis-
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tance of the resistor 216 are determined 1n such a way that the
voltage of the feedback signal FB2 1s greater than the prede-
termined threshold TH during the discharging period T ;. In
the example of FI1G. 3, because the feedback signal FB2 has a
voltage greater than the threshold TH, the control signal
CTRL 1s logic 1. As a result, the switch 306 1s turned oif and
the switch 308 1s turned on. The capacitor 310 1s discharged
by a current from the current source 304. Accordingly, the
voltage of capacitor 310 can decrease from the first level V.

When the voltage of the feedback signal FB2, which 1ndi-
cates the output voltage of the secondary winding 206,
decreases to the threshold TH, 1.e., the current 1., flowing
through the secondary winding 206 decreases to a predeter-
mined current level, the controller 220 can terminate the
discharging period T ;- and 1nitiate an adjusting period T , , ;.
In one embodiment, the controller 220 terminates the dis-
charging period T ,,. and 1nitiates an adjusting period T ,,,;,
when the current 1. flowing through the secondary winding
206 decreases to substantially zero. Atthe end of the discharg-
ing period T,,., the voltage of the capacitor 310, e.g., the
sawtooth wave signal SAW can decrease to a second level V,
as shown 1n FIG. 4.

During the adjusting period T ,,, ,, because the voltage of
the feedback signal FB2 decreases to the threshold TH, the
control signal CTRL turns to logic 0. The switch 306 1s turned
on and switch 308 1s turned off. The capacitor 310 1s charged
again by the current from the current source 302. The voltage
of capacitor 310 increases from the second level V,. During
the adjusting period T ,,, the switch 218 remains oif and
there 1s no current tlowing through the primary winding 204
or the secondary winding 206. When the sawtooth wave sig-
nal SAW increases to the reference voltage level V., the
controller 220 can terminate the adjusting period T 5, and
turns on the switch 218 to 1nitiate a charging period T 51, 0f a
next switching cycle. More specifically, the PWM signal gen-
crator 318 can generate the pulse width modulation signal
PWMI1 having the first level (e.g., pulse width modulation
signal PWM1 1s logic 1) to turn on the switch 218.

Assume that the capacitance of the capacitor 310 1s C,, the
current of the current source 302 1s I, and the current of the
current source 304 1s I,. Atthe end of the charging period T ..,

the voltage of the sawtooth wave signal SAW (the voltage of
the capacitor 310) can be given by:

Ton - 11
Cy '

(2)

Vi = Veer +

At the end of the discharging period T ., the voltage of the
sawtooth wave signal SAW can be given by:

v, 3)

At the end of the adjusting period T ,,, ,, the voltage of the
sawtooth wave signal SAW can be given by:

(4)

Laps -1
Vopr = Vo + :

C

Thus, the duration of the adjusting period T , 5 ;can be dertved
from equations (2)-(4), that 1s:
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(Vser — V2)- () I

=Tpis-— — Ton.
7 Dis I, ON

(3)

Tapy =

According to equation (35), the relationship between the
duration of the discharging period T ,,,. and the duration of the
switching cycle T can be expressed by:

(6)

B Ipis 4
Is Ton +Tpis+Tapy L +1

Iprs

Thus, the ratio of the duration of the discharging period T ;<
to a total duration of the charging period T ,,, the discharging
period T, and the adjusting period T , ;15 determined by
the current I, and the current I,,. Advantageously, the duration
of the discharging period T,,,. can be proportional to the
duration of the switching cycle 1. 11 the current I, from the
current source 302 and the current I, from the current source
304 are constant. Therefore, referring back to equation (1),
the average output current 1, .- provided by the secondary
winding 206 can be substantially constant.

FI1G. 5 shows a flowchart 500 of a method for controlling a
transformer, in accordance with one embodiment of the

present mvention. FIG. 5 1s described in combination with
FIG. 2, FIG. 3 and FIG. 4.

In block 502, a transformer 202 1s operated 1n multiple
switching cycles. A switching cycle can include a charging
period T,., a discharging period T,,., and an adjusting
period T , 5~

In block 504, the transformer 202 1s powered by an input
power during the charging period T .. During the charging
period T ., a switch 218 coupled 1n series with a primary
winding 204 of the transtformer 202 i1s switched on. In one
embodiment, the charging period T ., can be controlled by
monitoring a current flowing through a primary winding 204
of the transformer 202. More specifically, the charging period
T, can be terminated (the switch 218 1s turned off at the end
of the charging period T ,,,) and a discharging period T 5, can
be mitiated when the current flowing through the primary
winding 204 increases to a predetermined peak current level.

In block 506, the transformer 202 1s discharged to power a
load during the discharging period T ;<. In one embodiment,
the discharging period T ;< can be controlled by monitoring
an output voltage of an auxiliary winding 208 of the trans-
tormer 202. The output voltage of an auxiliary winding 208
can 1indicate whether a current flowing through the secondary
winding 206 of the transformer 202 decreases to a predeter-
mined current level. More specifically, the discharging period
T ;¢ can be terminated and an adjusting period T ,,,, can be
initiated when the current flowing through the secondary
winding 206 decreases to the predetermined current level,
¢.g., zero. In one embodiment, the current flowing through the
secondary winding 206 decreases to the predetermined cur-
rent level if the output voltage of the auxiliary winding 208
decreases to a predetermined voltage.

In block 508, a duration of the adjusting period T ., 18
determined such that a ratio of a duration of the discharging
period T, to a total duration of the charging period T ., the
discharging period T ;. and the adjusting period T , ,, ;15 con-
stant. In one embodiment, the duration of the adjusting period
T ,,can be determined by an oscillator 226. The oscillator
226 1s operable for generating a sawtooth wave signal SAW.
During the charging period T ., the sawtooth wave signal
increases from a predetermined reference voltage level V.
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to a first level V,. Durning the discharging period T,,., the
sawtooth wave signal decreases from the first level V, to a
second level V,. During the adjusting period T, ; the saw-
tooth wave signal SAW increases from the second level V, to
the reference voltage level V... The adjusting period T ,,,,
can be terminated when the sawtooth wave signal SAW
increases to the reference voltage level V... and a new
switching cycle T can begin.

Accordingly, embodiments 1n accordance with the present
invention provide circuits and methods for controlling power
converters that can be used to power various types of loads.
The power converter includes a transformer operated 1n mul-
tiple switching cycles. At least one switching cycle includes a
charging period T ,,, a discharging period T ,,, and an adjust-
ing period T , ,, . The power converter can determine a proper
duration of the adjusting period T , , ;, such that a ratio of the
duration of the discharging period T ;. to the duration of the
switching cycle T. 1s constant. The duration of the switching
cycle T 1s the total duration of the charging period T, the
discharging periodT ;. and the adjusting periodT , , . There-
fore, an average output current of each switching cycle can be
substantially constant.

The power converter according to the present invention can
be used in various applications. In one embodiment, the
power converter can provide a substantially constant current
to power a light source such as a light emitting diode (LED)
string. In another embodiment, the power converter can pro-
vide a substantially constant current to charge a battery.

Advantageously, compared with the conventional flyback
converter which includes an optical coupler and an error
amplifier, the size of the power converter according to the
present invention 1s relatively small.

Moreover, even 1f the duration of the charging period T,
and the duration of the discharging period T ;. may vary with
the change of the input voltage and the output voltage of the
power converter, the power converter according to the present
invention can automatically adjust the duration of the adjust-
ing period T ,,, to maintain a ratio of the duration of the
discharging period T 5, to a duration of the switching cycle
T, to be constant. As a result, the power converter can be
self-adjusted to provide a substantially constant average out-
put current. In addition, as can be seen 1n equation (1), the
average output current of the power converter 1s not atfected
by the inductance of the transformer windings. Therefore, the
output current of the power converter can be controlled more
accurately.

While the foregoing description and drawings represent
embodiments of the present invention, 1t will be understood
that various additions, modifications and substitutions may be
made therein without departing from the spirit and scope of
the principles of the present invention as defined in the
accompanying claims. One skilled 1n the art will appreciate
that the mvention may be used with many modifications of
form, structure, arrangement, proportions, materials, ele-
ments, and components and otherwise, used 1n the practice of
the mnvention, which are particularly adapted to specific envi-
ronments and operative requirements without departing from
the principles of the present invention. The presently dis-
closed embodiments are therefore to be considered m all
respects as 1llustrative and not restrictive, the scope of the
invention being indicated by the appended claims and their
legal equivalents, and not limited to the foregoing description.

What 1s claimed 1s:

1. A power converter, comprising:

a transformer having a primary winding coupled to a power
source and a secondary winding coupled to a load; and
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a signal generator operable for generating a sawtooth wave
signal,

wherein said transformer 1s configured to operate 1n a plu-
rality of switching cycles, and at least one of said switch-
ing cycles comprises a charging period, a discharging
period, and an adjusting period,

wherein during said charging period said sawtooth wave
signal increases from a predetermined reference voltage
level to a first level,

wherein during said discharging period said sawtooth wave
signal decreases from said first level to a second level
that 1s lower than said predetermined voltage level,

wherein during said adjusting period said sawtooth wave
signal increases from said second level to said predeter-
mined reference voltage level,

wherein during said charging period said transformer 1s
powered by said power source and a current flowing
through said primary winding increases, wherein during,
said discharging period said transformer discharges to
power said load and a current tlowing through said sec-
ondary winding decreases, and wherein a ratio of a dura-
tion of said discharging period to a total duration of said
charging period, said discharging period and said adjust-
ing period 1s constant.

2. The power converter of claim 1, further comprising:

a resistor coupled in series with said primary winding and
operable for providing a feedback signal indicative of
said current flowing through said primary winding.

3. The power converter of claim 1, wherein said trans-
former further comprises an auxiliary winding operable for
providing a feedback signal indicating whether said current
flowing through said secondary winding decreases to a pre-
determined current level.

4. The power converter of claim 3, further comprising a
clamp circuit operable for clamping a voltage of said feed-
back signal during said charging period.

5. The power converter of claim 1, further comprising;

a switch coupled 1n series with said primary winding,
wherein said switch 1s turned on when said sawtooth
wave signal increases from said predetermined refer-
ence voltage level until said sawtooth wave signal
reaches said first level, and wherein said switch 1s turned
ofl 11 said current flowing though said primary winding
increases to a predetermined peak current level.

6. The power converter of claim 1, further comprising:

a switch coupled 1n series with said primary winding,
wherein said switch 1s on during said charging period
and 1s off during said discharging period and said adjust-
ing period.

7. The power converter of claim 1, further comprising:

a switch coupled 1n series with said primary winding,
wherein said sawtooth wave signal 1s configured to con-
trol a duty cycle of a pulse signal that controls said
switch.

8. The power converter of claam 1, wherein said signal

generator comprises:

a capacitor coupled to said transformer for providing said
sawthooth wave signal,

wherein during said charging period said capacitor 1s
charged by a first current, and a voltage across said
capacitor 1mcreases from said predetermined reference
voltage level to said first level,

wherein during said discharging period said capacitor 1s
discharged by said second current, and said voltage
across said capacitor decreases from said first level to
said second level,
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wherein during said adjusting period said voltage across
said capacitor increases from said second level to said
predetermined reference voltage level.

9. The power converter of claim 8, wherein said ratio 1s

determined by said first current and said second current.

10. The power converter of claim 1, wherein an average
level of said current tlowing through said secondary winding
1s substantially constant.

11. A controller for controlling a transformer, said control-
ler comprising;:

a {irst signal generator operable for receiving a first feed-
back signal indicating an output voltage of a secondary
winding of said transformer and for generating a first
signal; and

a pulse signal generator coupled to said first signal genera-
tor and operable for generating a pulse signal based on
said first signal, wherein said pulse signal 1s configured
to control power of said transformer,

wherein said first signal increases from a predetermined
reference voltage level to a first level during a charging
period, wherein said first signal decreases from said first
level to a second level that 1s lower than said predeter-
mined reference voltage level during a discharging
period, and wherein said first signal increases from said
second level to said predetermined reference voltage
level during an adjusting period,

wherein a ratio of a duration of said discharging period to
a total duration of said charging period, said discharging,
period and said adjusting period 1s constant,

wherein during said charging period a current flowing
through a primary winding of said transformer increase,
wherein during said discharging period a current flowing
through said secondary winding decreases.

12. The controller of claim 11, wherein said pulse signal 1s
configured to control a switch coupled 1n series with a pri-
mary winding of said transformer, original wherein said
switch 1s on during said charging period and is off during said
discharging period and said adjusting period.

13. The controller of claim 11, wherein said controller 1s
operable for terminating said charging period and initiating
said discharging period when said current flowing through
said primary winding of said transformer increases to a pre-
determined peak current level, and 1s operable for terminating
said discharging period and initiating said adjusting period
when said current flowing through said secondary winding
decreases to a predetermined current level.

14. The controller of claim 11, wherein said {first signal
generator comprises a capacitor coupled to said pulse signal
generator, wherein during said charging period said capacitor
1s charged by a first current and a voltage across said capacitor
increases from said predetermined reference voltage level to
said first level, wherein during said discharging period said
capacitor 1s discharged by a second current, and said voltage
across said capacitor decreases from said first level to said
second level, wherein during said adjusting period said volt-
age across said capacitor increases from said second level to
said predetermined reference voltage level.

15. The controller of claim 14, wherein said ratio 1s deter-
mined by said first current and said second current.

16. The controller of claim 11, further comprising:

a comparator coupled to said pulse signal generator and
operable for comparing a second feedback signal indica-
tive of a current flowing through a primary winding of
said transformer with a predetermined peak current
level.

17. A method for controlling a transformer, comprising:
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operating said transformer 1 a plurality of switching
cycles, wherein at least one of said switching cycles
comprises a charging period, a discharging period, and
an adjusting period;

powering said transformer during said charging period;

discharging said transformer to power a load during said
discharging period; and

determining a duration of said adjusting period, compris-
Ing:
generating a sawtooth wave signal;

increasing said sawtooth wave signal from a predeter-
mined reference voltage level to a first level during
said charging period;

decreasing said sawtooth wave signal from said first
level to a second level that 1s lower than said prede-
termined reference voltage level during said discharg-
ing period;

increasing said sawtooth wave signal from said second
level during said adjusting period; and

terminating said adjusting period when said sawtooth
wave signal increases to said predetermined reference
voltage level,

10

15

20

12

wherein a ratio of a duration of said discharging period to
a total duration of said charging period, said discharging
period and said adjusting period 1s constant.

18. The method of claim 17, further comprising:

turning on a switch coupled 1n series with a primary wind-
ing of said transformer during said charging period;

terminating said charging period and mitiating said dis-
charging period when a current flowing through said
primary winding increases to a predetermined peak cur-
rent level;

turning ofl said switch at the end of said charging period;

terminating said discharging period and initiating said
adjusting period when a current flowing through a sec-
ondary winding of said transformer decreases to a pre-
determined current level; and

turning on said switch at the end of said adjusting period.

19. The method of claim 18, further comprising:

monitoring an output voltage of an auxiliary winding of
said transformer, wherein said output voltage of said
auxiliary winding indicates whether said current flowing
through said secondary winding decreases to said pre-
determined current level.
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